Abstract Both product design and manufacturing are intrinsically collaborative processes. From conception and design to project completion and ongoing maintenance, all points in the lifecycle of any product involve the work of fluctuating teams of designers, suppliers and customers. That is why companies are involved in the creation of a distributed design and a manufacturing environment which could provide an effective way to communicate and share information throughout the entire enterprise and the supply chain. At present, the technologies that support such a strategy are based on World Wide Web platforms and follow two different paths. The first one focuses on 2D documentation improvement and introduces 3D interactive information in order to add knowledge to drawings. The second one works directly on 3D models and tries to extend the life of 3D data moving these design information downstream through the entire product lifecycle. Unfortunately the actual lack of a unique 3D Web-based standard has stimulated the growing up of many different proprietary and open source standards and, as a consequence, a production of an incompatible information exchange over the WEB. This paper proposes a structured analysis of Web-based solutions, trying to identify the most critical aspects to promote a unique 3D digital standard model capable of sharing product and manufacturing data more effectively-regardless of geographic boundaries, data structures, processes or computing environment.
Introduction
Businesses today face three on-going challenges: improving customer intimacy, achieving operational excellence, and providing product leadership. Improving customer intimacy requires understanding and responding quickly to current and potential customers' needs. Achieving operational excellence requires enterprises to focus on operating efficiently, effectively, and flexibly, working with their partners to reduce the cost and time necessary to deliver high-quality products that meet their customer's requirements in a timely manner. Providing product leadership means delivering leading-edge products and solutions tailored to customer needs. All of these challenges require getting the right products to the right market, at the right time, for the right cost. To meet these challenges, businesses must become more innovative. However, being an innovative business doesn't simply mean creating innovative products. It also means improving the processes a company uses to produce its products and the strategies it devices to support them throughout the entire product lifecycle [1] . Today, innovation is recognized as the critical aspect for a business to maintain its competitiveness advantage in the marketplace. Innovation must be achieved while reducing overall product-related costs across development, production, and service. A primary business driver is increasing product complexity and customization. As a consequence products are characterised by more and more intricate mechanical, electronics and software configurations with many possible alternatives. This increase in product complexity, coupled with the desire for personalized configurations, requires an enhanced ability to quickly define new product variations and options, and to manage the configurations being offered. Moreover, companies must manage the "entire" product or product family, integrating elements such as product recipes and packaging in order to meet regional requirements and regulations. This can best be accomplished through proper application of a product lifecycle management (PLM) approach that addresses the needs of the extended enterprise [2, 3] . PLM is a strategic business approach that applies a consistent set of business solutions to support the collaborative creation, management, dissemination, and use of product definition information across the extended enterprise from concept to end of life, integrating people, processes and business systems. Moreover, while product life is rapidly decreasing and product structure is frequently changing and becoming more customer-oriented, manufacturing systems have become today complex and globalized. For this reason manufacturers have reduced the development and the manufacturing production time, and have adopted an outsourcing approach. In fact, product development and production do not occur within a single manufacturing plant, but have become a joint venture between suppliers, manufacturers, distributors, and customers [4, 5] . So, it becomes very important to manage the workflow harmoniously and to share information efficiently among geographically dispersed users. Starting from these needs, the new concept of collaboration focuses its attention on tools for sharing information and knowledge in various divisions and for executing tasks cooperatively in order to improve product quality.
The role of 3d virtual product in product lifecycle
Today, everything from toaster to automobiles to jet aircraft is designed on a CAD solution. This includes over all product design as well the development of individual parts. Typically the best design is reached through many iterations, without any guarantee that more iterations will get closer to an optimum. This means that the designer does not know if his design process is mathematically convergent. Nominally, the design process consists of the different steps: problem definition, basic requirements, design, analysis, testing, prototype testing, design modification and production testing (Fig. 1) Every phase must be flexible, integrated and must be updated in real-time. The long design and development process can be attributed to the need for many design iterations.
In this scenario, a surprising amount of different engineering drawings and 3D models is normally created. Designers often start thinking on 2D drawings (sketches), while expressing their thoughts regarding the model geometry. Then from these sketches, some detailed dimensioned drawings are created, and other engineers sometimes translate these drawings into 3D models. Moreover, the manufacturing department recreates other production drawings for NC machine tools while some other 3D models and drawings are produced for static and dynamics analysis needs [6, 7] .
If designers worked with a unique 3D digital model, from concept to manufacturing, a big part of the duplication work could be eliminated, thus minimizing the errors caused by design intent misinterpretation. The benefits of the 3D virtual product workflow are evident throughout the entire product development process. The use of parametric CAD and similar engineering tools encourages the interactive manipulation of complex 3D forms early in the design process. Photo realistic rendering allows an accurate visualization of design details even before the creation of any prototype. There are not only 2D drawings to interpret, but the original design intent is accurately expressed with the help of 3D models and 3D animation, demonstrating product functionalities and preview assembly methods.
Unfortunately CAD companies today do not support cooperative product design concurrently and interactively and tend to use proprietary formats. This situation has created a heavy constraint, especially for the integration with product lifecycle management asset, since the different actors that are part of the same design team often employ different CAD solutions [8, 9] .
A first solution to this problem has been the use of CAD neutral formats (IGES, STEP, etc.) in order to allow the data exchange between the different designer teams. However, the presence during the product development of non technical users (sales operators, customers, etc.), (concurrent engineering), who need to access the product design data, has obliged the industrial information technology providers Fig. 1 The integrated phases of the mechanical design process
